We have performed pulse phase resolved spectroscopy of the Cyclotron Resonance Scattering Features (CRSF) of some bright accretion powered X-ray pulsars like 1A 1118-61, Vela X-1, A0535+26, XTE J1946+274, 4U 1907+09, 4U 1626-67 and GX 301-2 using Suzaku observations with long exposures. We have performed the study using different spectral models for the continuum and have obtained similar patterns of variations of the CRSF in all the cases, thus demonstrating the robustness of our results. Pulse phase dependence of the CRSF in XTE J1946+274 has been obtained for the first time, and phase resolved variations of the CRSF in 4U 1907+09 has been compared at factor of ∼ 2 difference in luminosity. We have also studied the pulse profiles of these objects near the CRSF energy, and have noticed an increased pulse fraction and/or a change in the pulse shape near the CRSF energy for some sources. The implications of the results are discussed.
Introduction
Cyclotron Resonance Scattering Features (CRSF) which have been discovered in about 20 sources till now provide us with a wealth of information regarding accretion powered pulsars. Assuming the CRSF is formed on the surface of the neutron star, the centroid energy directly converts to the magnetic field strength of the neutron star by the 12 B 12 rule : E c = 11.6 keV × , E c being the centroid energy, z the gravitational redshift and B the magnetic field strength of the neutron star. Pulse phase dependence of the CRSF parameters further provides important clues regarding the emission geometry at different viewing angles and can also map the magnetic field geometry of the neutron star. As the scattering cross sections are significantly altered and increased by a large factor near the cyclotron resonance scattering feature [1, 2, 8] , the corresponding beam patterns and hence the pulse profiles are also expected to change near the corresponding resonance energies of the accretion powered pulsars . Such probes have been attempted before by [4, 5, 9] , where a change in the beaming pattern has been detected near the CRSF energy. Suzaku with its broad energy range and high sensitivity is ideal for pursuing the above studies and we have made very detailed investigations of the pulse phase dependence of the CRSF, and their beaming pattern near the CRSF energy for some sources which are bright in nature and were observed with Suzaku with long exposures.
Observations & Analysis
We reduced and processed the Suzaku observations of several bright accretion powered pulsars with a known CRSF, and which had observation duration ≥ 50 ks. For the transient sources like 1A 1118-61, A 0535+26 and XTE J1946+274 data were obtained near an outburst of the respective source. Pile-up check was done and data from the inner pixels were rejected when required . The energy spectra were modelled phenomenologically with different continuum models used to fit the spectra of accretion powered pulsars like the powerlaw with high energy cutoff (highecut), or powerlaw with the Fermi Dirac cutoff (fdcut), the cutoff powerlaw (cutoffpl) model, the negative-positive exponential powerlaw component (NPEX), or the more physical comptonization model 'CompTT'. Partial covering absorber was added for sources with low energy dips in their pulse profiles, and iron emission lines were added whenever required. We tried to fit the energy spectra with all the continuum models mentioned above, available as a standard or local package in XSPEC and carried out further analysis with only the model(s) which gave best fits for the respective sources. For the CRSF we used a Lorentzian profile "cyclabs" in XSPEC.
Methods and checks used in the analysis
(1) Careful modeling of the broadband continuum spectrum and obtaining consistent and physically reliable parameters of the continuum for the different models. (2) The CRSF parameters should give consistent results for both the Gaussian and the Lorentzian profile. (3)The stretch of the observation chosen for the analysis should be free from significant luminosity or spectral variability.
Results

Phase resolved spectroscopy of CRSF
Phase resolved spectra were generated with the phases centered around 25 independent bins but at thrice their widths. This resulted in 25 overlapping bins out of which only 8 were independent. All the individual spectra for the respective sources were fitted with the best fit continuum and line models obtained from fitting the phase averaged spectra. For phase resolved spectroscopy, due to limited statistics we froze the width of the CRSF for most sources. For clarity, Figure 1 shows the phase averaged spectrum of a source (1A 1118-61) with the best fit continuum model before and after the inclusion of the CRSF. Table 1 and after (third panel) inclusion of the CRSF. Note that our previous result published on this source (MNRAS, 2012, 420, 2307) required a very broad CRSF with the 'cutoffpl' model. We have modified our results with the 'NPEX' and 'FDCUT' models which gives a much narrower and better constrained CRSF, and have also modified the results of pulse phase resolved spectroscopy similarly.
these results are already published in [6, 7] . Figures 2 shows some new results from the pulse phase resolved study of the CRSFs.
Physics at the magnetospheric boundary
Probing the pulse profiles near the CRSF energy
We have studied the energy dependence of the pulse profiles of the above sources near the CRSF energies. 1A 1118-61, A 0535+26 and XTE J1946+274 shows enhanced beaming and change in the shape of the pulse near the CRSF energy as shown in Figure 3 . Profiles in "Red" are at the CRSF energies and profiles in "Green" are at energies above and below the CRSF band. 
Summary
This work can be summarized as follows: (1) The strength of our results lie in the fact that we have obtained similar pattern of variation of the CRSF parameters for all sources with more than one continuum model. (2) The variations in the CRSF parameters with phase are typically 10-30 % or more. Such high percentage of variation cannot be explained by the change in viewing angle alone, and if explained by the changing projections at different viewing angles of different parts of the accretion column, requires a large gradient in the physical parameters across the emission region. (3) We have found evidence of the pulse phase dependence of the ratio of the two line energies in Vela X-1 which indicates that the CRSF fundamental and first harmonic forming regions are different and change with the changing viewing angles. (4) In case of 4U 1907+09 CRSF parameters show the same pattern of variation for the two observations having factors of two difference in luminosity. This has important implications on the change in the beaming pattern of radiation with luminosity and hints that the beaming pattern remains constant for this luminosity range. Similar results obtained at different luminosity levels would be crucial to establish the change in beaming pattern of the sources with luminosity as proposed in [3] . (5) A change in the beaming pattern is detected near the corresponding CRSF energies through the pulse profiles of some sources. This needs to be studied in more detail. [8] Schönherr, G. 
